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Description
Cross Reference to Co-Pending Application

[0001] This application claims priority to U.S. Provi-
sional Application No. 60/131,251, filed April 27, 1999.

Field of the Invention

[0002] This invention relates to a fuel injector assem-
bly, and more particularly to a high-pressure fuel injector
assembly which includes a seat having a number of fea-
tures for minimizing the formation of combustion cham-
ber deposits on the seat. This invention also relates to
the arrangement and manufacture of a fuel injector seat.

Background of the Invention

[0003] Fuel injectors are conventionally used to pro-
vide a measured flow of fuel into an internal combustion
engine. In the case of direct injection systems, a high-
pressure injector extends into the combustion chamber.
Consequently, a downstream face of the fuel injector’s
seat is prone to the formation of combustion chamber
deposits. It is desirable to minimize this formation of de-
posits in order to maintain the intended operation of the
fuel injector.

[0004] For the intended operation, it is critical for the
seat to provide a sealing surface for engaging a displace-
able closure member, e.g., a needle of a conventional
fuel injector assembly. In a first position of the closure
member relative to the seat, i.e., when the closure mem-
ber contiguously engages the seat, fuel flow through the
injector is prohibited. In a second position of the closure
member relative to the seat, i.e., when the closure mem-
ber is separated from the seat, fuel flow through the in-
jector is permitted.

[0005] In order to provide the sealing surface, it is
known to provide the seat with a conical portion having
a desired included angle. Conventionally, grinding tools
with a conical shape are used to grind the conical portion.
Itis also known that the quality of a surface finish is related
tothe grinding velocity. In the case of conical shape grind-
ing tools, the grinding velocity decreases toward the apex
of the tools.

[0006] Inthe case of fuel injector seats having a small
orifice, the velocity of the grinding tool at the edge of the
orifice is insufficient. Thus, conventional grinding opera-
tions cannot provide a selected finish on conventional
conical portions.

[0007] JP-A-60 019 957 describes a nozzle for a fuel
injector valve which is made with a coupling section to
prevent burrs during manufacture at the intersection of
the valve seat surface and the injection hole surface.

Summary of the Invention

[0008] The presentinvention overcomes the disadvan-
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tages of the seats in conventional fuel injectors, and pro-
vides a number of features for minimizing the formation
of combustion chamber deposits.

[0009] According to the present invention, a transition
portion is interposed between the conventional conical
portion and the orifice, thus providing an additional vol-
ume in which the apex of the conventional grinding tool
rotates.

[0010] However, excess sac volume, i.e., the volume
of the fuel flow passage between the sealing band (i:e.,
the needle-to-seat seal) and the orifice, adversely affects
the formation of combustion chamber deposits on the
downstream seat. Thus, according to the present inven-
tion, the transition portion also minimizes sac volume.
[0011] Moreover, according to the present invention,
a fuel injector seat is evaluated as to the necessity and
configuration of a transition portion. This evaluation is
based on different factors including orifice size and the
included angle defined by the conical sealing portion.
[0012] Also, according to the present invention, an in-
terface between the downstream face and the orifice is
defined by a sharp edge. This facilitates dislodging com-
bustion chamber deposits that may accumulate near the
edge.

[0013] Additionally, according to the presentinvention,
a fuel injector seat has a coating to control the formation
of combustion chamber deposits in a first set of critical
areas, and is uncoated in a second set of critical areas
to facilitate the attachment and operation of the seat.
[0014] The present invention provides a fuel injector
having an inlet, an outlet, and a passageway providing
a fuel flow conduit from the inlet to the outlet. The fuel
injector comprises a needle positionable in the passage-
way between a first position occluding the passageway
and a second position permitting fuel flow; and a fuel
injector seat contiguously engaging the needle in the first
position, the seat having an upstream face, a down-
stream face spaced from the upstream face, and a pas-
sage extending along an axis between the upstream face
and the downstream face. The passage defines a portion
of the passageway and includes an orifice portion prox-
imate the downstream face and a sharp edge formed at
an interface of the downstream face and the orifice por-
tion; wherein the orifice portion has a first transverse
cross-sectional arearelative to the axis; the orifice portion
extending along the axis a prescribed length and includ-
ing a right circular cylindrical section having a prescribed
diameter, and wherein a ratio of the prescribed length
over the prescribed diameter is at least 0.3; a needle
sealing portion proximate the upstream face and having
a second transverse cross-sectional area relative to the
axis that decreases at a first rate in a downstream direc-
tion from a first area to a second area; and a transition
portion interposed between the orifice portion and the
needle sealing portion and a transition portion configured
to minimise sac volume interposed between the orifice
portion and the needle-sealing portion having a third
transverse cross-sectional area relative to the axis that
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decreases at a second rate in the downstream direction
from the second area to the first transverse cross-sec-
tional area; and wherein a selected finish is formed on
the needle-sealing portion by applying a coating to cer-
tain surfaces of the seat and ensuring that critical surfac-
es of the seat are uncoated.

[0015] The present invention additionally provides a
method of forming a fuel injector seat having an upstream
face, adownstreamface, and a passage extending along
an axis between the upstream face and the downstream
face. The method comprises forming within the passage
an orifice portion proximate the downstream face and a
sharp edge formed at an interface of the downstream
face and the orifice portion; wherein the orifice portion
has a first transverse cross-sectional area relative to the
axis; the orifice portion extending along the axis a pre-
scribed length and including a right circular cylindrical
section having a prescribed diameter, and wherein aratio
of the prescribed length over the prescribed diameter is
at least 0.3; forming within the passage a sealing portion
proximate the upstream face and having a second trans-
verse cross-sectional area relative to the axis that de-
creases at a first rate in a downstream direction from a
first area to a second area; and forming within the pas-
sage a transition portion configured to minimise sac vol-
ume interposed between the orifice portion and the seal-
ing portion and having a third transverse cross-sectional
area relative to the axis that decreases at a second rate
in the downstream direction from the second area to the
firsttransverse cross-sectional area, wherein the forming
the needle-sealing portion (612) comprises forming a se-
lected finish by applying a coating to certain surfaces of
the seat (64) and ensuring that critical surfaces of the
seat are uncoated.

[0016] As it is used herein, the term "axis" is defined
as a center line to which parts of a body or an area may
be referred. This term is not limited to straight lines, but
may also include curved lines or compound lines formed
by a combination of curved and straight segments.
[0017] As itis used herein, the term "rate" is defined
as a value that describes the changes of a first quality
relative to a second quality. For example, in the context
of describing a volume, rate can refer to changes in the
transverse cross-sectional area of the volume relative to
changes in position along the axis of the volume. The
term "rate" is not limited to constant values, but may also
include values that vary.

[0018] Asitisused herein, the phrase "included angle"
is defined as a measurement of the angular relationship
between two segments of a body, when viewing a cross-
section of the body in a plane including the axis of the
body. Generally, the axis bifurcates the included angle.

Brief Description of the Drawings
[0019] The accompanying drawings, which are incor-

porated herein and constitute part of this specification,
illustrate presently preferred embodiments of the inven-
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tion, and, together with the general description given
above and the detailed description given below, serve to
explain features of the invention.

Figure 1 is a cross-sectional view of a fuel injector as-
sembly of the present invention taken along its longitu-
dinal axis; and

Figure 2 is an enlarged portion of the cross-sectional view
of the fuel injector assembly shown in Figure 1 which
illustrates a seat and a swirl generator according to the
present invention.

Figure 3 is a graph illustrating engine flow decrease as
afunction of the ratio of orifice length over orifice diameter
for different examples of fuel injectors.

Figure 4 is a detail view of a seat portion that is indicated
by IV in Figure 2.

[0020] Figure 5 is a schematic illustration of the seat
according to the present invention indicating the critical
areas of the seat that are coated and the critical areas
of the seat that are uncoated.

Detailed Description of the Preferred Embodiment

(s)

[0021] Figure 1 illustrates a fuel injector assembly 10,
such as a high-pressure, direct-injection fuel injector as-
sembly 10. The fuel injector assembly 10 has a housing,
which includes a fuel inlet 12, a fuel outlet 14, and a fuel
passageway 16 extending from the fuel inlet 12 to the
fuel outlet 14 along a longitudinal axis 18. The housing
includes an overmolded plastic member 20 cincturing a
metallic support member 22.

a fuel inlet member 24 with an inlet passage 26 is dis-
posed within the overmolded plastic member 20. The in-
let passage 26 serves as part of the fuel passageway 16
of the fuel injector assembly 10. a fuel filter 28 and an
adjustable tube 30 are provided in the inlet passage 26.
The adjustable tube 30 is positionable along the longitu-
dinal axis 18 before being secured in place, thereby var-
ying the length of an armature bias spring 32. In combi-
nation with other factors, the length of the spring 32, and
hence the bias force against the armature, control the
quantity of fuel flow through the injector. The overmolded
plastic member 20 also supports a socket 20a that re-
ceives a plug (not shown) to operatively connect the fuel
injector assembly 10 to an external source of electrical
potential, such as an electronic control unit (not shown).
An elastomeric 0-ring 34 is provided in a groove on an
exterior of the inlet member 24. The O-ring 34 is support-
ed by a backing ring 38 to sealingly secure the inlet mem-
ber 24 to a fuel supply member (not shown), such as a
fuel rail

[0022] The metallic support member 22 encloses a coil
assembly 40. The coil assembly 40 includes a bobbin 42
that retains a coil 44. The ends of the coil assembly 40
are electrically connected to pins 40a mounted within the
socket 20a of the overmolded plastic member 20. An
armature 46 is supported for relative movement along
the axis 18 with respect to the inlet member 24. The ar-
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mature 46 is supported by a spacer 48, a body shell 50,
and a body 52. The armature 46 has an armature pas-
sage 54 in fluid communication with the inlet passage 26.
[0023] The spacer48engages the body shell 50, which
engages the body 52. An armature guide eyelet 56 is
located on an inlet portion 60 of the body 52. An axially
extending body passage 58 connects the inlet portion 60
of the body 52 with an outlet portion 62 of the body 52.
The armature passage 54 of the armature 46 is in fluid
communication with the body passage 58 of the body 52.
a seat 64, which is preferably a metallic material, is
mounted at the outlet portion 62 of the body 52.

[0024] The body 52 includes a neck portion 66 that
extends between the inlet portion 60 and the outlet por-
tion 62. The neck portion 66 can be an annulus that sur-
rounds a needle 68. The needle 68 is operatively con-
nected to the armature 46, and can be a substantially
cylindrical needle 68. The cylindrical needle 68 is cen-
trally located within and spaced from the neck portion so
as to define a part of the body passage 58. The cylindrical
needle 68 is axially aligned with the longitudinal axis 18
of the fuel injector assembly 10.

[0025] Operative performance of the fuel injector as-
sembly 10 is achieved by magnetically coupling the ar-
mature 46 to the end of the inlet member 26 that is closest
to the inlet portion 60 of the body 52. Thus, the lower
portion of the inlet member 26 that is proximate to the
armature 46 serves as part of the magnetic circuit formed
with the armature 46 and coil assembly 40. The armature
46 is guided by the armature guide eyelet 56 and is re-
sponsive to an electromagnetic force generated by the
coil assembly 40 for axially reciprocating the armature
46 along the longitudinal axis 18 of the fuel injector as-
sembly 10. The electromagnetic force is generated by
current flow from the electronic control unit (not shown)
through the coil assembly 40. Movement of the armature
46 also moves the operatively attached needle 68 to po-
sitions that are either separated from or contiguously en-
gaged with the seat 64. This opens or closes, respec-
tively, the seat passage 70 of the seat 64, which permits
orinhibits, respectively, fuel from flowing through the fuel
outlet 14 of the fuel injector 10. The needle 68 includes
a curved surface 78, which can have a partial spherical
shape for contiguously engaging with a conical portion
72 of the seat passage 70. Of course, other contours for
the tip of the needle 68 and the seat passage 70 may be
used provided that, when they are engaged, fuel flow
through the seat 64 is inhibited.

[0026] Referring to Figures 1 and 2, an optional swirl
generator 74 can be located proximate to the seat 64 in
the body passage 58. The swirl generator 74 allows fuel
to form a swirl pattern on the seat 64. For example, fuel
can be swirled on the conical portion 72 of the seat pas-
sage 70 in order to produce a desired spray pattern. The
swirl generator 74, preferably, is constructed from a pair
of flat disks, a guide disk 76 and a swirl disk 78. The swirl
generator 74 defines a contact area between the seat 64
and the body 52. The guide disk 76 provides a support
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for the needle 68.

[0027] The needle 68 is guided in a central aperture
80 of the guide disk 76. The guide disk 76 has a plurality
of fuel passage openings that supply fuel from the body
passage 58 to the swirl disk 78. The swirl disk 78 receives
fuel from the fuel passage openings in the guide disk 76
and directs the flow of fuel tangentially toward the seat
passage 70 of the seat 64. The guide disk 76 and swirl
disk 78 that form the swirl generator 74 are secured to
an upstream face 602 of the seat 64, preferably, by laser
welding.

[0028] Fuel thatis to be injected from the fuel injector
10 is communicated from the fuel inlet source (not
shown), to the fuel inlet 12, through the fuel passageway
16, and exits from the fuel outlet 14. The fuel passageway
16 includes the inlet passage 26 of the inlet member 24,
the armature passage 54 of the armature 46, the body
passage 58 of the body 52, the guide disk 78 and the
swirl disk 80 of the swirl generator 74, and the seat pas-
sage 70 of the seat 64. In a high-pressure, direct injection
system, fuel is supplied from the inlet source in an oper-
ative range approximately between 700 psiand 2000 psi.
[0029] Referring to Figure 2 in particular, the seat pas-
sage 70 of the seat 64 extends between the upstream
face 602 of the seat 64 and a downstream face 604 of
the seat 64. The seat passage 70 includes an orifice por-
tion 608, a needle sealing portion 612, and a transition
portion 614. The needle sealing portion 612 is disposed
proximate to the first face 602, the orifice portion 608 is
disposed proximate to the downstream face 604, and the
transition portion 614 is interposed between the orifice
portion 608 and the needle sealing portion 612.

[0030] The orifice portion 608 has a first transverse
cross-sectional area relative to the longitudinal axis 18.
Thatis to say, the first cross-sectional area can be meas-
ured in each of the imaginary planes that are oriented
orthogonally to the longitudinal axis 18 as it extends
through the orifice portion 608, or it can be measured in
each of the imaginary planes within the orifice portion
608 that are parallel to the downstream face 604. It is
most frequently the case that the downstream face 604
is oriented substantially orthogonal to the longitudinal ax-
is 18, and the longitudinal axis 18 consists of a straight
line extending throughout the entire fuel injector assem-
bly 10. Consequently, the first cross-sectional area can
be measured in each of the imaginary planes that are
both oriented orthogonally to the longitudinal axis 18 and
parallel to the downstream face 604.

[0031] Thefirsttransverse cross-sectional area canbe
substantially uniform throughout the orifice portion 608.
For example, the first transverse cross-sectional area
can be a circle having a diameter D and orifice portion
608 can extend along the longitudinal axis 18 a distance
L. Thus, in the most frequent case described above, the
orifice portion 608 comprises a right circular cylinder.
Through experimentation, it has been determined that
desirable operating characteristics for the fuel injector
assembly 10 are achieved when the ratio of the length L
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to diameter D, i.e., L/D, for the orifice portion 608 ap-
proaches, butis notless than, 0.3. Figure 3 is an empirical
data plot of flow changes due to deposit formation as a
function of the L/D ratio.

[0032] The needle sealing portion 612 has a second
transverse cross-sectional area relative to the longitudi-
nal axis 18. That is to say, the second cross-sectional
area can be measured in each of the imaginary planes
that are oriented orthogonally to the longitudinal axis 18
as it extends through the needle sealing portion 612, or
it can be measured in each of the imaginary planes within
the needle sealing portion 612 that are parallel to the
upstream face 602. It is most frequently the case that the
upstream face 602 is oriented substantially orthogonal
to the longitudinal axis 18, and the longitudinal axis 18
consists of a straight line extending throughout the entire
fuel injector assembly 10. Consequently, the second
cross-sectional area can be measured in each of the im-
aginary planes that are both oriented orthogonally to the
longitudinal axis 18 and parallel to the upstream face 602.
[0033] The needle sealing portion 612 is formed by a
grinding tool so as to provide a selected finish. The con-
tour of the needle sealing portion 612 can be described
by the shape of each second transverse cross-sectional
area and the rate that the second transverse cross-sec-
tional area decreases throughout the needle sealing por-
tion 612. The second transverse cross-sectional area can
have a first area in the imaginary plane that is proximate
to the upstream face 602, and decrease at a first rate to
a second area in the imaginary plane that is distal from
the upstream face 602. As discussed above, this rate
may be constant or variable. In the case where the shape
of each second transverse cross-sectional areais a circle
having a diameter that deceases at a constant rate, as
is illustrated in Figure 2, the shape of the needle sealing
portion 612 is that of a truncated right cone with an in-
cluded angle 624. Of course, different shapes for the nee-
dle sealing portion 612 can be obtained by varying the
shape of the second transverse cross-sectional areas or
by varying the rate at which the second transverse cross-
sectional areas change.

[0034] Thetransition portion 614 has a third transverse
cross-sectional area relative to the longitudinal axis 18.
Thatis to say, the third cross-sectional area can be meas-
ured in each of the imaginary planes that are oriented
orthogonally to the longitudinal axis 18 as it extends
through the transition portion 614, or it can be measured
in each of the imaginary planes within the transition por-
tion 614 that are parallel to the upstream face 602. It is
most frequently the case that the upstream face 602 is
oriented substantially orthogonal to the longitudinal axis
18, and the longitudinal axis 18 consists of a straight line
extending throughout the entire fuel injector assembly
10. Consequently, the third cross-sectional area can be
measured in each of the imaginary planes that are both
oriented orthogonally to the longitudinal axis 18 and par-
allel to the upstream face 602.

[0035] The transition portion 614 can be formed by a
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grinding tool, a drill bit, etc. The contour of the transition
portion 614 can be described by the shape of each third
transverse cross-sectional area and the rate that the third
transverse cross-sectional area decreases throughout
the transition portion 614. The third transverse cross-sec-
tional area can decrease at a second rate from the sec-
ond area of the second transverse cross-sectional area
to the first transverse cross-sectional area of the orifice
portion 608. As discussed above, this rate may be con-
stant or variable. In the case where the shape of each
third transverse cross-sectional area is a circle having a
diameter that deceases ata constantrate, asisiillustrated
in Figure 2, the shape of the transition portion 614 is that
of a truncated right cone with an included angle 626. Of
course, different shapes for the transition portion 614 can
be obtained by varying the shape of the second trans-
verse cross-sectional areas or by varying the rate at
which the second transverse cross-sectional areas
change.

[0036] The transition portion 614 provides a volume
which receives the tip of the grinding tool forming the
needle sealing portion 612. Thus, only portions of the
grinding tool that are driven at a sufficient grinding veloc-
ity contact the needle sealing portion 612, thereby pro-
ducing at least a minimum selected finish over the entire
surface of the needle sealing portion 612.

[0037] When the transition portion 614 is conically
shaped, the included angle 624 of the needle sealing
portion 612 is preferably greater than the included angle
626 of the transition portion 614. The included angle 624
can be approximately 15° greater that the included angle
626, e.g., the included angle 624 of the needle sealing
portion 612 can be approximately 105 ° and the included
angle 626 of the transition portion 614 can be approxi-
mately 90°. Of course, different combinations of included
angles can be used provided that the needle sealing por-
tion 612 sealingly conforms to the surface 78 of the nee-
dle 68, and the transition portion 614 facilitates providing
a selected finish on the needle sealing portion 612. For
example, it has been found that when the included angle
624 is approximately 104° and the included angle 626 is
approximately 85°, flow stability is improved. If the includ-
ed angle 626 is increased into the range of approximately
95°10 100°, flow stability decreases and deposit removal,
perhaps as a result of cavitation, improves.

[0038] In addition to providing a transition between the
needle sealing portion 612 and the orifice portion 608,
the transition portion 614 minimizes the sac volume, i.e.,
the volume ofthe seat passage 70 from where the surface
78 of the needle 68 contiguously engages the needle
sealing portion 612 to the orifice portion 608. For exam-
ple, a transition portion 614 having the shape of a right
circular cylinder would undesirably increase the sac vol-
ume as compared to a right cone, such as illustrated in
Figure 2.

[0039] Referring now to Figures 2 and 4, the interface
atthe junction of the downstream face 604 and the orifice
portion 608 can be a sharp edge to facilitate the dislodg-
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ing of combustion chamber deposits that form on the
downstream face 604. In particular, a sharp edge pre-
vents the formation of combustion chamber deposits on
the downstream face 604 from continuing to accumulate
on the orifice portion 608. That is to say, the pattern of
deposit formation does not extend from the substantially
flat surface of the downstream face 604 onto the sub-
stantially cylindrical surface of the orifice portion 608. In-
stead, a continued build-up of the deposits at the interface
of the downstream face 604 and the orifice portion 608
results in a formation that can be readily dislodged by
the high pressure spray of fuel passing through the orifice
portion 608. According to the present invention, a sharp
edge can be defined by an interface comprising an an-
nular chamfered edge 606 connecting the perpendicular
surfaces of the downstream face 604 and the orifice por-
tion 608. The chamfered edge 606 can extend for ap-
proximately 0.02 millimeters and be oriented at 45° with
respect to each of these perpendicular surfaces.

[0040] Referring to Figure 5, coatings that lower sur-
face energy or reduce surface reactivity can also control
the formation of combustion chamber deposits. Certain
surfaces of the seat 64 can be coated, however, the pres-
ence of a coating can adversely affect certain critical sur-
faces of the seat 64. For example, coatings can reduce
the effectiveness of the seat to needle seal, or can hinder
the connection of the seat 64 with respect to the body
52. An injector seat blank, i.e., a seat 64 comprising the
upstream face 602, the downstream face 604, and the
rough passage 70 (prior to grinding the needle sealing
portion 612), is coated or plated. Masking can be used
to prevent applying the coating on an outer circumferen-
tial surface of the seat 64. Masking can also be used to
prevent the application of the coating to a portion of the
downstream face 604 that is proximate to the outer cir-
cumferential surface. These masked areas can subse-
quently be used for attaching the seat 64 with respect to
the body 52. Grinding for the needle sealing portion 612
removes the applied coating in the area of the critical
sealing band. Thus, the seat 64 is coated in the areas
most necessary to inhibit deposit formation, and is un-
coated in the critical sealing band area and in seat at-
tachment area. The coating can be a carbon based coat-
ing, such as that sold under the trade name SICON, which
can be applied by conventional vapor deposition tech-
niques. The coating can also be fluoro-polymer based,
aluminum based, or a ceramic. The contiguously engag-
ing needle 68 can also be coated or can be uncoated.
[0041] The method of forming the fuel injector assem-
bly 10 includes forming the seat 64 having the upstream
face 602, the downstream face 604, and the seat pas-
sage 70 extending between the upstream face 602 and
the downstream face 604: The method further comprises
forming the orifice portion 608 and the transition portion
614 within the passage 70. Before applying a coating to
the seat 64, the needle-sealing portion 612 can be rough
formed and the sharp edge interface 606 can be formed
between the downstream face 604 and the orifice portion
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608. The orifice portion 608, the rough formed needle-
sealing portion 612, and the transition portion 614 can
be formed in any order, and by any technique, e.g., drill-
ing, turning, etc. Moreover, any combination of the orifice
portion 608, the rough formed needle-sealing portion
612, and the transition portion 614 can be formed con-
currently by one operation, or all can be formed in a single
operation. Next, the seat 64 can be masked and the coat-
ing applied to the seat 64. Thereafter, the seat 64 can be
unmasked, and the selected finish on the needle sealing
portion 612 can be formed by grinding. Alternatively, the
needle sealing portion 612 can be formed with the se-
lected finishin asingle step, i.e., without separately rough
forming the needle sealing portion 612. The transition
portion 614 provides the volume for the grinding tool that
is necessary to form the selected finish on the needle-
sealing portion 612. And as discussed above, the tran-
sition portion also minimizes sac volume. The seat 64 is
now ready to be mounted with respect to the body 52 of
the fuel injector assembly 10.

[0042] A number of factors are evaluated to determine
the necessity of providing the transition portion 614 be-
tween the orifice portion 608 and the needle sealing por-
tion 612. These factors include the first transverse cross-
sectional area of the orifice portion 608, the included an-
gle of the needle-sealing portion 612, and the selected
finish to be provided on the needle-sealing portion 612.
[0043] The finish, or surface texture, of a material is a
measurement of roughness, which is specified as a value
that is the arithmetic average deviation of minute surface
irregularities from a hypothetical perfect surface. Rough-
ness is expressed in micrometers.

[0044] Forarotating grinding tool, linear velocity varies
as a function of the radial distance from the axis of rota-
tion. Therefore, if the finish produced by a rotating grind-
ing tool at a radial distance corresponding to the edge of
the first transverse cross-sectional area is too rough, a
transition portion 614 according to the present invention
is necessary.

[0045] The transition portion 614 provides a volume
that is relatively near to the axis of rotation for a rotating
grinding tool, and in which the grinding tool does not con-
tact the seat 64. Thus, only those diameters of a rotating
grinding tool that move with a sufficient grinding velocity
are used to provide the selected finish on the needle-
sealing portion 612.

[0046] Accordingtothe presentinvention, foraneedle-
sealing portion 612 having an included angle of approx-
imately 105°, a transition portion 614 is necessary when
the ratio of the first transverse cross-sectional area over
the first area of the second transverse cross-sectional
area is less than 0.5.

[0047] Of course, if the needle-sealing portion 612 is
to be formed by a technique using something other than
a rotating grinding tool, or the shape of the second trans-
verse cross-sectional areas are not circular, the neces-
sity of a transition portion 614 will be determined by eval-
uating the quality of the surface finish at the interface
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between the needle-sealing portion 612 and the orifice
portion 608.

[0048] While the presentinvention has been disclosed
with reference to certain preferred embodiments, numer-
ous modifications, alterations, and changes to the de-
scribed embodiments are possible without departing
from the sphere and scope of the present invention, as
defined in the appended claims. Accordingly, it is intend-
ed that the present invention not be limited to the de-
scribed embodiments, but that it have the full scope de-
fined by the language of the following claims, and equiv-
alents thereof

Claims

1. A fuel injector having an inlet, an outlet, and a pas-
sageway (16) providing a fuel flow conduit from the
inlet to the outlet, the fuel injector comprising:

a needle (68) positionable in the passageway
between a first position occluding the passage-
way and a second position permitting fuel flow;
and

a fuel injector seat (64) contiguously engaging
the needle (68) in the first position; the seat hav-
ing an upstream face (602); a downstream face
(604) spaced from the upstream face; and a pas-
sage (70) extending along an axis (18) between
the upstream face and the downstream face, the
passage defining a portion of the passageway
(16) and including:

an orifice portion (608) proximate the down-
stream face and a sharp edge formed at an
interface of the downstream face and the
orifice portion; wherein the orifice portion
has a first transverse cross-sectional area
relative to the axis (18); the orifice portion
extending along the axis a prescribed length
and including a right circular cylindrical sec-
tion having a prescribed diameter, and
wherein aratio of the prescribed length over
the prescribed diameter is at least 0.3;

a needle-sealing portion (612) proximate
the upstream face (602) and having a sec-
ond transverse cross-sectional area rela-
tive to the axis that decreases at a first rate
in a downstream direction from a first area
to a second area; and

a transition portion (614) configured to min-
imise sac volume interposed between the
orifice portion (608) and the needle-sealing
portion (612) and having a third transverse
cross-sectional area relative to the axis (18)
thatdecreases ata secondrate in the down-
stream direction from the second area to
the first transverse cross-sectional area;
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wherein a selected finish is formed on the needle-
sealing portion (612) by applying a coating to certain
surfaces of the seat (64) and ensuring that critical
surfaces of the seat are uncoated.

A fuel injector according to claim 1, wherein the tran-
sition portion (614) provides a volume for a grinding
tool to form the selected finish on the needle-sealing
portion (612) by grinding the applied coating.

A fuel injector according to claim 2, wherein the vol-
ume of the transition portion (614) minimises pas-
sage volume downstream of the needle-sealing por-
tion (612).

A fuel injector according to claim 1, wherein the nee-
dle-sealing portion (612) comprises a first conical
section defining a first included angle (624), and the
transition portion (614) comprises a second conical
section defining a second included angle (626), and
wherein the first included angle is greater than the
second included angle.

A fuel injector according to claim 1, wherein the tran-
sition portion (614) induces cavitation.

A fuel injector according to claim 1, wherein the first,
second, and third transverse cross-sectional areas
are orthogonal to the axis (18).

A method of forming a fuel injector seat (64), the seat
having an upstream face (602), a downstream face
(604), and a passage (70) extending along an axis
(18) between the upstream face and the downstream
face, the method comprising:

forming within the passage an orifice portion
(608) proximate the downstream face; forming
a sharp edge at an interface of the downstream
face (604) and the orifice portion; wherein the
orifice portion has a first transverse cross-sec-
tional area relative to the axis; the orifice portion
extending along the axis a prescribed length and
including a right circular cylindrical section hav-
ing a prescribed diameter, and wherein a ratio
of the prescribed length over the prescribed di-
ameter is at least 0.3;

forming within the passage a sealing portion
(612) proximate the upstream face (602) and
having a second transverse cross-sectional ar-
ea relative to the axis that decreases at a first
rate in a downstream direction from a first area
to a second area; and

forming within the passage (70) a transition por-
tion (614) configured to minimise sac volume
interposed between the orifice portion (608) and
the sealing portion (612) and having a third
transverse cross-sectional area relative to the
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axis that decreases at a second rate in the down-
stream direction from the second area to the first
transverse cross-sectional area; and,

wherein the forming the needle-sealing portion (612)
comprises forming a selected finish by applying a
coating to certain surfaces of the seat (64) and en-
suring that critical surfaces of the seat are uncoated.

A method according to claim 7, wherein the forming
the selected finish comprises grinding the needle
sealing portion with the grinding tool.

A method according to claim 7, wherein the forming
the transition portion (614) provides a volume for the
grinding tool.

The method according to claim 7, wherein the form-
ing the sealing portion (612) forms a first included
angle (624), and the forming the transition portion
(614) forms a second included angle (626) that is
less than the first included angle.

Patentanspriiche

1.

Brennstoffeinspritzventil, das einen Eintrittsbereich,
einen Austrittsbereich und einen Durchflusspfad
(16) aufweist, der eine Durchleitung des Brenn-
stoffflusses vom Eintrittsbereich zum Austrittsbe-
reich bereitstellt, wobei das Brennstoffeinspritzventil
umfasst:

eine Nadel (68), die in dem Durchflusspfad an-
geordnet werden kann zwischen einer ersten
Stellung, die den Durchflusspfad blockiert, und
einer zweiten Stellung, die den Brennstofffluss
ermdglicht; und

einen Brennstoffeinspritzventilsitz (64), auf dem
die Nadel (68) in der ersten Stellung schlissig
aufsitzt; wobei der Ventilsitz eine in Strémungs-
richtung vorgelagerte Flache (602) aufweist; ei-
ne in Strémungsrichtung nachgelagerte Flache
(604), die in einem Abstand zu der in Stro-
mungsrichtung vorgelagerten Flache angeord-
net ist; und einen Kanal (70), der entlang einer
Achse (18) zwischen der in Strdmungsrichtung
vorgelagerten Flache und derin Strémungsrich-
tung nachgelagerten Flache verlauft, wobei der
Kanal einen Teil des Durchflusspfads (16) defi-
niert und umfasst:

einen Bohrungsbereich (608) nahe der in
Strémungsrichtung nachgelagerten Flache
und eine scharfe Kante, die an einer Kontur
von der in Strémungsrichtung nachgelager-
ten Flache und dem Bohrungsbereich aus-
gebildet ist; wobei der Bohrungsbereich ei-
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ne erste Querschnittsfliche aufweist, die
quer zur Achse (18) verlauft; wobei der Boh-
rungsbereich mit einer vorgegebenen Lan-
ge entlang der Achse verlauft und einen
rechtwinkligen Kreiszylinderbereich mit ei-
nem vorgegebenen Durchmesser umfasst,
und wobei ein Quotient aus der vorgegebe-
nen Lange und dem vorgegebenen Durch-
messer mindestens 0,3 betragt;

einen Nadeldichtbereich (612) nahe der in
Strémungsrichtung vorgelagerten Flache
(602), der eine zweite Querschnittsflache
aufweist, die quer zur Achse verlauft und in
einem ersten Verhéltnis in einer in Stro-
mungsrichtung nachgelagerten Richtung
von einem ersten Bereich zu einer zweiten
Flache kleiner wird; und

einen Ubergangsbereich (614), der so aus-
gelegt ist, dass er das Auslaufvolumen mi-
nimiert, das zwischen dem Bohrungsbe-
reich (608) und dem Nadeldichtbereich
(612) angeordnet ist, und der eine dritte
Querschnittsflache aufweist, die quer zur
Achse (18) verlauft und in einem zweiten
Verhaltnis in einer in Strdmungsrichtung
nachgelagerten Richtung vom zweiten Be-
reich zur ersten quer verlaufenden Quer-
schnittsflache kleiner wird;

wobei eine gewahlte Oberflachenbeschaffenheit auf
dem Nadeldichtbereich (612) hergestellt wird, indem
eine Beschichtung auf bestimmte Flachen des Ven-
tilsitzes (64) aufgebracht wird und sichergestellt
wird, dass wesentliche Flachen des Ventilsitzes un-
beschichtet sind.

Brennstoffeinspritzventil nach Anspruch 1, wobei
der Ubergangsbereich (614) ein Bearbeitungsvolu-
men fiir ein Schleifwerkzeug bietet, um die gewahlte
Oberflachenbeschaffenheit auf dem Nadeldichtbe-
reich (612) durch Schleifen der aufgebrachten Be-
schichtung herzustellen.

Brennstoffeinspritzventil nach Anspruch 2, wobei
das Bearbeitungsvolumen des Ubergangsbereichs
(614) das Durchlaufvolumen minimiert, das dem Na-
deldichtbereich (612) in Stromungsrichtung nachge-
lagert ist.

Brennstoffeinspritzventil nach Anspruch 1, wobei
der Nadeldichtbereich (612) einen ersten konischen
Bereich umfasst, der einen ersten Offnungswinkel
(624) definiert, und der Ubergangsbereich (614) ei-
nen zweiten konischen Bereich umfasst, der einen
zweiten Offnungswinkel (626) definiert, und wobei
der erste Offnungswinkel gréRer als der zweite Off-
nungswinkel ist.
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5. Brennstoffeinspritzventil nach Anspruch 1, wobei

der Ubergangsbereich (614) Kavitation auslést.

Brennstoffeinspritzventil nach Anspruch 1, wobei die
erste, die zweite und die dritte quer verlaufende
Querschnittsflache orthogonal zur Achse (18) sind.

Verfahren zur Herstellung eines Brennstoffeinspritz-
ventilsitzes (64), wobei der Ventilsitz eine in Stro-
mungsrichtung vorgelagerte Flache (602), eine in
Strdmungsrichtung nachgelagerte Flache (604) und
einen Kanal (70) umfasst, der entlang einer Achse
(18) zwischen der in Strdmungsrichtung vorgelager-
ten Flache und der in Strémungsrichtung nachgela-
gerten Flache verlauft, wobei das Verfahren folgen-
de Schritte umfasst:

in dem Kanal Herstellen eines Bohrungsbe-
reichs (608) nahe der in Strémungsrichtung
nachgelagerten Flache; Herstellen einer schar-
fen Kante an einer Kontur von der in Stromungs-
richtung nachgelagerten Flache (604) und dem
Bohrungsbereich; wobei der Bohrungsbereich
eine erste Querschnittsflache aufweist, die quer
zur Achse verlauft; wobei der Bohrungsbereich
mit einer vorgegebenen Lange entlang der Ach-
se verlauft und einen rechtwinkligen Kreiszylin-
derbereich mit einem vorgegebenen Durchmes-
ser umfasst, und wobei ein Quotient aus der vor-
gegebenen Lange und dem vorgegebenen
Durchmesser mindestens 0,3 betragt;

in dem Kanal Herstellen eines Nadeldichtbe-
reichs (612) nahe der in Strdomungsrichtung vor-
gelagerten Flache (602), der eine zweite Quer-
schnittsflache aufweist, die quer zur Achse ver-
[auft und in einem ersten Verhaltnis in einer in
Strédmungsrichtung nachgelagerten Richtung
von einem ersten Bereich zu einer zweiten FI&-
che kleiner wird; und

in dem Kanal (70) Herstellen eines Ubergangs-
bereichs (614), der so ausgelegt ist, dass er das
Auslaufvolumen minimiert, das zwischen dem
Bohrungsbereich (608) und dem Nadeldichtbe-
reich (612) angeordnet ist, und der eine dritte
Querschnittsflache aufweist, die quer zur Achse
verlauft und in einem zweiten Verhaltnis in einer
in Strdmungsrichtung nachgelagerten Richtung
vom zweiten Bereich zur ersten quer verlaufen-
den Querschnittsflache kleiner wird; und

wobei das Herstellen des Nadeldichtbereichs (612)
das Herstellen einer gewahlten Oberflachenbe-
schaffenheit umfasst, indem eine Beschichtung auf
bestimmte Flachen des Ventilsitzes (64) aufge-
bracht wird und sichergestellt wird, dass wesentliche
Flachen des Ventilsitzes unbeschichtet sind.

Verfahren nach Anspruch 7, wobei das Herstellen
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10.

der gewahlten Oberflachenbeschaffenheit das Be-
arbeiten des Nadeldichtbereichs mit dem Schleif-
werkzeug umfasst.

Verfahren nach Anspruch 7, wobei das Herstellen
des Ubergangsbereichs (614) ein Bearbeitungsvo-
lumen fur das Schleifwerkzeug bietet.

Verfahren nach Anspruch 7, wobei das Herstellen
des Dichtbereichs (612) einen ersten Offnungswin-
kel (624) ausbildet, und das Herstellen des Uber-
gangsbereichs (614) einen zweiten Offnungswinkel
(626) ausbildet, der kleiner als der erste Offnungs-
winkel ist.

Revendications

Injecteur de carburant comportant une entrée, une
sortie et une voie de passage (16) ménageant un
conduit d’écoulement de carburant de I'entrée a la
sortie, I'injecteur de carburant comprenant:

une aiguille (68) déplagable dans la voie de pas-
sage entre une premiére position obturant la
voie de passage et une seconde position per-
mettant I'’écoulement de carburant, et

un siége d'injecteur de carburant (64) en contact
contigu avec l'aiguille (68) dans la premiére po-
sition, le siége comportant une face amont
(602), une face aval (604) espacée par rapport
a la face amont, et un passage (70) s’étendant
suivant un axe (18) entre laface amont et la face
aval, le passage définissant une partie de la voie
de passage (16) et comprenant :

une partie formant orifice (608) a proximité
de la face aval et une aréte vive réalisée a
une interface de la face aval et de la partie
formant orifice, la partie formant orifice
ayant une premiére aire de section trans-
versale relativement a I'axe (18), la partie
formant orifice s’étendant suivant I'axe sur
une longueur prescrite et comprenant une
section cylindrique circulaire droite ayantun
diameétre prescrit, et un rapport de la lon-
gueur prescrite sur le diamétre prescrit
étant au moins de 0,3 ;

une partie d’obturation par aiguille (612) a
proximité de la face amont (602) et ayant
une deuxiéme aire de section transversale
relativement a 'axe qui décroit a un premier
taux en direction de I'aval d'une premiére
aire a une seconde aire, et

une partie formant transition (614) configu-
rée pour minimaliser le volume creux inter-
posée entre la partie formant orifice (608)
et la partie d’obturation par aiguille (612) et
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ayant une troisieme aire de section trans-
versale relativement a I'axe (18) qui décroit
a un second taux en direction de I'aval de
la deuxiéme aire a la premiére aire de sec-
tion transversale,

dans lequel une finition choisie est réalisée
sur la partie d’obturation par aiguille (612)
en appliquant un revétement sur certaines
surfaces du sieége (64) et en s’assurant que
des surfaces critiques du siége ne sont pas
revétues.

Injecteur de carburant selon la revendication 1, dans
lequel la partie formant transition (614) ménage un
volume pour un outil de rodage pour réaliser la fini-
tion choisie sur la partie d’obturation par aiguille
(612) en rodant le revétement appliqué.

Injecteur de carburant selon la revendication 2, dans
lequel le volume de la partie formant transition (614)
minimalise le volume du passage en aval de la partie
d’obturation par aiguille (612).

Injecteur de carburant selon la revendication 1, dans
lequel la partie d’obturation par aiguille (612) com-
prend une premiére section conique définissant un
premier angle inclus (624) et la partie formant tran-
sition (614) comprend une seconde section conique
définissant un second angle inclus (626), et dans
lequel le premier angle inclus est plus grand que le
second angle inclus.

Injecteur de carburant selon larevendication 1, dans
lequel la partie formant transition (614) induit une
cavitation.

Injecteur de carburant selon la revendication 1, dans
lequel la premiére, la deuxiéme et la troisieme aires
de section transversale sont orthogonales a I'axe
(18).

Procédé de réalisation d’un siege d’injecteur de car-
burant (64), le siege comportant une face amont
(602), une face aval (604) et un passage (70) s’éten-
dant suivant un axe (18) entre la face amont et la
face aval, le procédé consistant a :

réaliser a l'intérieur du passage une partie for-
mant orifice (608) a proximité de la face aval,
réaliser une aréte vive a une interface de la face
aval (604) et de la partie formant orifice, la partie
formant orifice ayant une premiére aire de sec-
tion transversale relativement a I'axe, la partie
formant orifice s’étendant suivant I'axe sur une
longueur prescrite et comprenant une section
cylindrique circulaire droite ayant un diamétre
prescrit, et un rapport de la longueur prescrite
sur le diamétre prescrit étant au moins de 0,3 ;
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10

10.

réaliser a I'intérieur du passage une partie d’ob-
turation (612) a proximité de la face amont (602)
et ayant une deuxiéme aire de section transver-
sale relativement al'axe qui décroit a un premier
taux en direction de I'aval d’'une premiére aire a
une seconde aire, et

réaliser a 'intérieur du passage (70) une partie
formant transition (614) configurée pour mini-
maliser le volume creux interposée entre la par-
tie formant orifice (608) et la partie d’obturation
(612) et ayant une troisieme aire de section
transversale relativement a I'axe qui décroit a
un second taux en direction de I'aval de la se-
conde aire a la premiére aire de section trans-
versale, et

dans lequel la réalisation de la partie d’obtura-
tion par aiguille (612) consiste a réaliser une fi-
nition choisie en appliquant un revétement sur
certaines surfaces du siege (64) eten s’assurant
que des surfaces critiques du siége ne sont pas
revétues.

Procédé selon la revendication 7, dans lequel la réa-
lisation de lafinition choisie consiste a roder la partie
d’obturation par aiguille avec I'outil de rodage.

Procédé selon la revendication 7, dans lequel la réa-
lisation de la partie formant transition (614) aménage
un volume pour l'outil de rodage.

Procédé selon la revendication 7, dans lequel la réa-
lisation de la partie d’obturation (612) forme un pre-
mier angle inclus (624) et la réalisation de la partie
formant transition (614) forme un second angle in-
clus (626) qui est inférieur au premier angle inclus.
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Fig. 4
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